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INTRODUCTION 
The field of flavonoids is one of the most :.;scinating 
area of natural product chemistry. Hundreds of now flavonoids 
are being reported every year from natural sources and many of 
them are synthesized, 
Flavonoid constitutes one of the most characteristic and 
largest group of naturally occurring phenols in nigher plants. 
The structure of flavonoids are based on a C,. skeleton 
lo 
with a chromane ring bearing a secona aromatic ling (ring B) in 
position 2,3 or 4 (I). In few cases, the six membered hetero-
cyclic ring (ring C) occurs in an isomeric open term or is 
replaced by a live membered ring. 
( I ) 
Var ious sub-groups of f l avono ids are c l a s s i t i p r j accora ing 
t o t h e s u D s t i t u t i o n p a t t e r n of r i n g C. Both the o x i d a t i o n s t a t e 
of t h e h e t e r o c y c l i c r i n g and p o s i t i o n ot r i n g B a :e important 
in c l a s s i f i c a t i o n . Examples of s ix major sub-groups LChalcones 
( I I ) , Flavanones ( I I I ) , Flavones ( IV) , F lavonols (V), Anthocya-
. o 
nidins (VI) and Isotlavones (VII) J. Despite, several positive 
reports the occurrance of t Idvonoias in bacteria, algae and 
fungi is doubtful . 
Altogether there are many hundreds of diffeiently substi-
tuted flavonoid aglycones which have been very systematically 
reviewed by Wollenweber and Dietz . 
In extensive screening Droyraiiimes of plant : roii'jcts for 
anticancer arugs, it is not surprising that claims have been maoc 
that flavonoids may contribute to, or be effective in combatting 
certain types of cancer. 
The flavonoids are of commercial interest as antioxidants 
for fats and oils ' . The antioxidant property of a number of 
tlavonoids has been studiea. 
The numerous physiological activities have been attributed 
4 
to flavonoids . The potent uses of flavonoids may be listed as 
^ 6 
heart stimulants , treatment of allergic diseases , antibacteria] 
7 8 9 
activity , contraceptive drugs , vitamin P activity , antihemo-
lytic activity , antiviral effects , spasmolytic and antihis-
12 13 
tamine activity , antihypertensive action , anthelmintic 
14 lb 
activity , analgesic and bronchodilator effects etc. Several 
tlavonoids are moderately active against laboratory cultures of 
malignant cells. Eupatin, eupatoretin, centauieiain and 3,4'-
dimethyl quercetin are quiet active against Eagles carcinoma of 
the nasopharynx carried out in the cell cultures. 
: 3 : 
( I I ) 
/ \ V-OH 
(IV } (V) 
(V I ) ( V I I ) 
J 4 I 
The Glycosides 
The term glycoside embraces a large and remarkably varied 
group of organic compounds having the properties in common of 
furnishing saccharides or their oxidation products, the glycones 
and one or more other substances (not in frequently aromatic in 
nature) the aglycones, when hydrolysed by acid or a specific 
hydrolytic enzyme. These compounds correspond in structure to 
the simple synthetic methyl glucosides having hemi-acetal linkage 
and accordingly a glycoside, can be represented by general 
formula (VIIl) were R stands for the non sugar moiety. 
CH2OH 
H H 
H6\OH H 
H 
-0—R 
(VIII) 
The classification of glycosides is based upon the nature 
of aglycones. The aglycones include representatives of many of 
the numerous group of hydroxyl compounds occurring in plants. 
There are two linkages in Glycosides : 
(i) 0-Glycosides 
(ii) C-Glycosides 
S : 
(i) 0-Glvcosldes 
Flavonoid derivatives can have a great diversity of 
structures. These C,^ compounds commonly have a number of 
hydroxyl groups on both A and the B rings. The flavonois, fla-
vanonols and anthocyanidins have a hydroxyl group at C-3 too. 
In flavones and flavanones glycosylation occurs mainly at C-7, 
4',6 and 8-hydroxyl groups and occasionally at C-5. 0-Glyco-
sides can be hydrolysed with acid, and aglycone ano sugar 
moiety may characterized individually. 
Monosaccharides : 
Ten monosaccharides found to occur in association with 
flavones and flavonois. 
Disaccharides 
Twenty one disaccharides have been fully characterized to 
occur as the component of flavone or flavonol glycosides. 
Trisaccharides 
The presence of trisaccharides in flavonoias is confined 
to flavonois as either kaempferol and/or quercetin or simple 
methyl ether of these aglycones. 
C-Glycosides 
C-Glycosylflavonoids (C-glycoflavonoids) occur widely in 
nature and the field of C-glycosylflavonoids has grown rapidly 
t e i 
in recent years. Due to their resistance to acid hydrolysis, 
the nature of sugar moiety and its linkage with the aglycone 
have remained the most difficult problem in C-glycosyl chemistry. 
The structure elucidation of C-glycosides has now*been simpli-
13 17 18 
fied by the inve/it of C-NMR and mass spectrometry ' 
C-Glycosylflavones can be divided into two types (i) X 
(or -X* )"-0-glycosyl C~glycosylf lavones, in which the 0-glycosyl 
moiety is bound to phenolic hydroxyl group of the flavone (ii) 
-X'•-0-glucosyl C-glycosylflavones, (C-diholosyl-flavones) in 
which the 0-glycosyl moiety is bound to an alcoholic hydroxyl 
group of the C-glycosyl residue. 
Acylated Glycosides 
The fldvonoid glycosides also occur in acylated form with 
acids such as P-coumaric, sinapic, acetic and malonic. Monoacyl-
ation is usual, but substances with two same or different acyl 
19 20 groups have been reported ' . Acyl migration might possibly 
21 22 
occur during isolation and handling ' . Acylated glycosides 
may be recognised by their high chromatographic mobility on 
paper in solvents such as 15^ acetic acid and phenols and low 
mobility in water when compared with the corresponding unacylated 
glycosides. 
The usual linkage of acyl group is through one of the sugar 
hydroxyls ana any one of the three or four hydroxyls may be 
involved. The direct linkage of acyl group to a phenolic hydroxyl 
also occasionally occurrs 3>t),c^  
: 7 : 
Structure Elucidation 
The structure elucidation of glycosides consists in identi-
fication of the aglycone and the sugar parts ana establishing 
their linkage. Known glycosides are readily identified by the 
results of the acid an enzymatic hydrolysis, R^ values of agly-
cones and direct comparison with authentic samples. 
Identification of new glycosides requires more careful 
analysis. The preliminary studies viz. R^ value, UV spectra and 
acidic and enzymatic hydrolysis can be carried out on b-10 mg 
of material. The comprehensive structure of the glycoside is 
established by the help of H-NMR, "'•^ C-NMR spectroscopy and mass 
spectrometry besides chemical methods. 
: 8 : 
Nuclear Magnetic Resonance C-H-NMR) Spectroscopy 
Nuclear magnetic resonance spectroscopy is a powerful aid 
in elucidating the structure of flavonoid compounds and for 
aetermining the stereochemical features of the reduced hetero-
cyclic :ing in flavan derivatives. By the use of NMR studies of 
24 25a 
silyl derivatives double irradiation techniques , solvent 
inauced shift studies ~ , ana lanthanides induced shift 
stucies (LIS) , one can elucidate the structure of flavonoids 
occurring even in minor quantities without tedious and time 
consuming chemical degradation and synthesis. 
The most detailed and systematic studies of the NMR spectra 
of flavonoids are due to Mabry'^  ' , Batterham and Highet , 
r-i 1, T , 4 32 ,, , .33 ., 28a, b r, i ^  ^ D ^ 34-36 Clark Lewis , Massicot •, Kawano ' , Pelter and Rahman 
The chemical shift of the protons of the ring A and B prove to 
be independent of each other, out are affected by the nature of 
ring C. 
A-Rinq Protons 
The peaks arising from ring A protons in most of the 
flavonoids occur upfield from other peaks ana are readily recog-
nized. There are different types of substitution in the ring A 
among the flavonoids. 
(i) 6-H and 8-H Protons in 5.7-Dioxvqenated Flavonoids 
Tne two A ring piotons, H-6 and H-8 gives rise to two 
GouDlets (J = 2.£)Hz) in the ranoe d 5.7-6.9 in fiavones, flavonols 
: 9 : 
isoflavones e t c . The H-6 doubl t : occurs cons i s t en t ly upfield 
than the s ignal for the H-8. For ins tance when a sugar is 
^'ttached to the oxygen at C-7 t::e s igna l for both H-6 and H-8 
c i^e snif tea to downfield. 
(1 i ; H-O/H-8 Signal in 5 . 7 . 8 / b . 6 . ^ - f r i s u b s t i t u t e d Flavonoids 
NMR provides the r e q u i s i t e information for d i f f e r e n t i a -
t ing 6 or 8 subs t i t u t ed isomers of 5 , 7 , 8 / 5 , 6 , 7 - t r i s u b s t i t u t e d 
37 
tlavonoids with a high degree of surety. Horowtz and Gentili , 
were able to fix up the structures for the two isomers of 
vitexin, viz. vitexin and Tso-virexin. The H-6 proton signal 
appears at about d 0,2-0,3 pprr :;pt'ield than H-8 signal. 
(iii) H-5. H-6 and H-8 Siqnc.1 in 7-oxyqenated Flavonoids 
The additional C-5 oroton in these compounds is 
strongly deshielded by the 4-keto group and its signdl appears 
at very low field (^ --^ 8.0 ppm) , 
B-Ring Protons 
All B ring protons appear around d 6.7-7.9 ppm, a region 
separate from the usual A-ring protons. The signals from the 
aromatic protons of substituted B-ring in a flavone appear as 
a broad peak centree, at about d 7.4'j, 
(i) H-2'.6* and H-3*.5* Signal in 4'-Qxygenatea Flavonoids 
With the introduction of -I'-hydroxyl group, the B-ring 
: 10 : 
protons appear effectively as a typical four peak pattern of 
two doublets called k^^ pattern (J = 8Hz each), 
(ii) H-2'. H-5* and H-6' Signals in 3'.4'-Dloxvaenated 
Flavonoids 
The NA<R spectrum of 3* ,4'-dioxygenated flavonoid are bit 
complex and gives the normal ABX pattern. 
(iii) H-2' and H-6' Protons in 3'.4*.5'-Trioxvaenated Flavonoids 
In 3',4',5*-Trihydroxylated flavonoids H-2' and H-6* 
are equivalent and appear as two proton singlet in the range 
d 6«5-7.5 ppm. Methylation shifts it about 1 ppm downfield 
when the compound is analyzed in DMSO-d,. 
(iv) H~2 and 14-3 Signals in Flavanones and Flavanonols 
The spectra of flavanones (saturated heterocyclic ring) 
contain typical ABX pattern multiplets arising from C-2 proton 
and the two C-<3 protons. The C-2 proton is split by the C-3 
protons into quartet (J^is ^ '^^ » '^ trans " ^ ^ z ; double doublet) 
and occurs near d 5.2 ppm, the precise position depending on the 
substitution of the ring B. The two C-3 p|[ptons occurs as two 
^^H-3a. H-3b = "^^ "^ ^ ^^ ^ 3.0. 
Sugar Protons 
The protons of the sugar in flavone glycosides are denoted 
as C-1'', C-2'* and so on, while the protons of the terminal sugar 
: 11 : 
in disaccharides are designated as C-I'*', C-2'*' and so on. 
The chemical shift of the C-1** proton of the sugar directly 
attached to the flavonoid hydroxyl group depends both on the 
nature of the flavonoid and on the position and stereochemistry 
of attachement to it. For instance, in flavone glycosides 
with sugar on either C-5, C-7 or C-4' the C-I" proton signal 
appears near d 5.0, while the flavonol 3-0-glycosides the C-I'* 
proton signal appears much more downfield i.e. at about d b.8. 
12 : 
13 
C-NMR Spect roscopy of Flavonolci'v : Carbon-13 r e sonance occurs 
over a range of 0 - 200 p.p .m. in downfield from IMS compared with 
a range of only 0-10; p.p.m for H r e s o n a n c e . For t h i s r eason 
13 1 
C-NMR spectra are much more highly resolved than are H-NMR 
spectra. In proton decoupled spectra, each carbon atom is 
represented by one line and its cnemical shift is determined 
primarily by the electron density at that carbon atom, thus the 
carbon resonance at lowest field are generally those of carbonyl 
carbon and oxygenated aromatic carbons where as these at highest 
field will represent non-oxygenated aliphatic carbons. 
Substituent*s Effects of Acetvlation and Methvlation : 
Acetylation of free phenolic hydroxyl groups produces marked 
13 
changes in C-NMR of flavonoids and can be used to detect the 
location of hydroxyl groups in the aromatic rings. On acetylation 
the signals of the hydroxylated carbon moved up field by 
6.6-15.6 p.p.m. the ortho and para signals are moved downfield 
by 4.1-12.1 and 2-7.9 p.p.m. respectively and met a carbon signals 
are only slightly affected (+0.9 to 4.3 p.p.m.). 
Methylation of free phenolic hydroxy groups generally 
proGuces smaller, opposite and rather variable effects. The 
signal of the hydroxylated carbon shift downfield by 1.0-4.7 
p.p.m. and the signal of the ortho related carbon upfield by 
0.8-3.6 p.p.m. 
: 13 : 
The sugars commonly occuiriruj lii glycosidic from are all 
13 
readily distinguishable from one daother by C-NMR spectroscopy. 
In 0-glycoside carbon-1 of the mono-saccharide is linked via a 
hemiacetal bond to the aglycone moiety. This produces a shift 
in the C-1 resonance to lower field. In methyl glycoside the 
shift is of the order of 7-8 p.p.m. In flavonoid glycoside the 
extent of the downfield shift of the C-1 signals depends very 
much to enviroment of the phenolic-hydroxyl group and generally 
4-0 p.p.m. 
The site at which the second sugar is attached to the sugar 
13 
of flavonoid mono-0-glycoside readily determined by C-NMR 
spectroscopy. The site of acylation in the sugar moiety of 
13 flavone via glycoside readily determined from the C-NMR spectrum 
and eviaenced by downfield shift of the acylated carbon and 
upfield shift of the adjacent carbon. It has been shown that as 
tne electron withdrawing power of the acylation function increases 
38 
so also extent of the downfield shift of the acylated carbon 
Mass Spectrometry 
Routine methods have been developed for the analysis of 
flavonoid aglycones and glycosides in the form of their per-
18 39 40 
methyl ethers, perdeuteriomethyl ether ' ' and trimethyl 
41 49 
silyl ethers •^ '^ '^ . 
: 14 : 
Flavonoid Aqlvcones 
Mass spectrometry is an established tool in the analysis of 
43 flavonoid aglycones 
Flavones were among the first flavonoids to be analysed by 
np.ass spectrometry. The most usefJ1 fragmentations in terms of 
flavonoid identification are those which involve cleavage of 
intact A- and B-ring fragments. Although the base peak for most 
flavone aglycones is molecular ion, M ', however [M-CO] * and 
fragments A,' and B,* (Pathway I) are prominent in the spectra. 
In aadition to these peaks flavones usually afford major peaks 
for (M-H ) and when methoxylated [M-CH^] . 
43 Kingston has discussed in detail the mass spectra of a 
large number of flavones, flavonols, and their ether derivatives. 
Following generalisations have been suggested for the fragmenta-
tion of monoflavones. 
(a) Flavones having four or more hydroxyl groups readily undergo 
fragmentation, apparently because of the instability of 
their molecular ions. 
(b) Flavones with fewer than four hydroxyl groups tends to 
undergo decomposition predominantly by way of retro-Diels-
Alder (RDA) process'*^ *'*^ . 
(c) A (M-1) ion is often found in the mass spectrum of flavones, 
its origin is, however, obscure. 
: 15 : 
(d) The presence of ion (c) (Sch ;:<'..r-l), f requently more intense 
when a 3-hydroxyl group i s p iesen t , i s a t t r i b u t e d to the 
a l t e r n a t i v e mode of re t ro-Die l s -Alder fragmentat ion. 
(ej Doubly charged ions are frequently present . 
(f) When heavily subs t i tu t ed with hydroxyIs and methoxyls, the 
flavone tend t o fragment in l e s s predic table manner, r e t r o -
Diels-Alder process becomes in s ign i f i can t and the spectrum 
i s dominated by the molecular ion and ions at M-15, M-28 
and M-43'*^''*^. 
16 
CO 
CM 
N 
X 
I 
O 
••H 
CM 
N 
t. 
r 
9x 
v\ 
u = : o 
^ 
/ / 
\ o X 
CM 
M 
E 
o -^  
> 
ro 
CM 
M 
> 
> 
• X 
1 
1 
^ 
4> 
J C 
o 
CD 
- ^ c; 
E 
\ \ . 
CM 
CM 
N 
"E~ 
\ 
> 
i^  
X 
J — 0 + 
W // o 
.9 
CN 
> 
: 17 : 
Flavonoid Glycosides 
Traditionally, the structure of flavonoid glycoside is 
elaborated after partial and complete hydrolysis leading finally 
1 29 to constituent aglycone and the sugar residues ' 
The position of a sugar residue in a flavonoid aglycone can 
be easily recognized from the mass spectrum of permethylated 
47 glycoside . Sugars attached to positions 5 and 3 are split off 
more readily then those at position-7, and as a result the mole-
cular ion peak is of very low intensity or totally absent. On 
the other hand 7-0-glycosides usually show an intense molecular 
ion peak amounting to 50?^  or higher of the base peak. The 4* 
and 3-0-Glycoside represent an intermediate case, having small 
but distinct molecular ion peaks. 
18 
Mass spectrometry has been extensively used in the struc-
ture elucidation of flavonoids C-glycosides, 6-C and 8-C glycosyl 
can be clearly differentiated as only the former show intense 
M-15, M-31 and M-41 peaks, in their mass spectra. 
The principal fragmentation pattern of perdeuteriomethylated 
flavonoid disaccharide is illustrated in Scheme-II. 
: 18 : 
OCD. 
Scheme-II 
Fission of glycosidic carbon oxygen bond of the terminal 
sugdx leads to the ion T, which successively loses CD^-methanol 
to give T^ and T^* 
Rupture of the ethereal carbon-oxygen bond between the 
terminal and the second sugar gives rise to the sequence ion S. 
Fission of the glycosidic carbon-oxygen bond between the sugar 
and the aglycone is indicated by the fragment A, invariably 
formed by transfer of hydrogen and followed by loss of CO. 
Retention of charge on the disaccharide residue after this 
type of rupture leads to the oligosaccharide ion OS. Peaks due 
: 19 : 
to retro-Diels-Alder cleavage of :ne flavonoid aglycone are 
small or absent as it is often observed in highly substituted 
compounds . 
Sequence of Sugars 
Information about the terminal sugar is obtained from the 
diflerence (M -S) and trom peaks due to ions of the T-series. 
The T-series is more reliable indication since the (M -S) value 
can be changed by H-transfer or, in the casiB of apiosyl contain-
ing compounds, even more complicated reaction. In compounds 
containing glucose as the second sugar moiety, the (OS-T,) 
rather than the (S-A) aifference seems to be the more useful 
for mass iaentification. 
Position of the Interqlvcosidic Linkage 
Difference in hydrogen transfer to some peaks allows predi-
ction of the position of interglycosidic linkage. The sequence 
peak S is formed wit,hout hydrogen transfer (flavonols) or with 
single hydrogen transfer (flavone, flavanone) in the case of 
1 — > 6 linked flavonoid dissachride derivatives, while transfer 
of two hydrogens takes place in the 1 — > 2 linked compounds. 
The aglycone and the oligosaccharide fragments A and OS behave 
similarly: for 1 — > 6 linked derivatives, the A+H and OS peaks 
are prominent, while A+2H and OS+H peaks are observed for 1 — > 2 
linked compounds. Further (OS-CD^-methanol) defferentiation is 
: 20 ! 
p o s s i b l e by a s t r o n g (OS-CD -rrc-' r.r.pol) peaks p r e s e n t o n l y i n 
t h e 1 —> 2 l i n k e d .g lycos ide - , , ^jw cy t h e S+62 ( f i a v o n . ? , f l a v a n o n e ) 
or S+o3 ( f l a v a n o l s ) peak o b s e r v e r o n l y i n 1 —> 6 l i n k e d compound 
in S c h e m e - I l l . 
..-CM. 
\ OCDo / M 
\ 
CCD^ 
0+-
cU 
cDgcr^ CDgrtX . 3 
S + 63 
Schotne-I i J 
: 21 : 
Ultra-Violet Spectroscopy 
Ultra-violet spectroscopy has become a major technique for 
the structure elucidation of flavonoids for two main reasons, 
viz. (a) a small amount of pure material is required, (b) the 
amount of structural information gained from a UV spectrum is 
considerably enhanced by the use of specific reagnents which 
reacts with one or more functional groups on the flavonoid nucleus 
The absorption maxima of flavones have been correlated to the 
37 presence of a cinnamoyl (IXa) and benzoyl (iXb) groupings , the 
former giving rise to the high wavelength band at 300-380 nm 
(Band I) and latter to the low wave length band at 240-285 nm 
(Band II). 
(IXa) (IXb) 
Flavones and flavonols with increasing oxygenation of ring B 
results in a bathochromic shift of band I. Band II appears as 
one peak (at about 270 nm) in compounds with mono substituted 
B-ring but as low peaks or one peak (at abOMt 258 nm) and a 
: 22 : 
shoulder (at about 272 nm) when a di or tri-0-substituted 
n . 4 ^29,48,49 B-ring is present . 
Isoflavones, flavanones and dihydroflavonols are grouped 
together because they all lack conjugation ^ between the A- and 
B-rings. In Isoflavones, band II appears at 245-270 nm whereas 
flavanones and dihydroflavonols exhibits band II absorption 
maxima in the 270-295 nm region. 
29 The use of reagents such as aluminium chloride, sodi urn 
methoxide, sodium acetate and boric acid sodium acetate which 
produce shifts in the maxima in accordance with the location of 
the various functional groups in the flavonoid nucleus has made 
it possible to determine the structure of some flavonoid compounds 
on the basis of their spectra alone. 
i£)ii§(gi§ga©s9 
Phenolic Constituents oJ Rhododendron arboreum Sn. 
(Family : Ericaceae) 
Rhododendron Linn (Ericaceae), a large genus of herbs, 
shrubs and trees, including some epiphytes, distributed in the 
North temperate zone. Maximum concentrati^ of species occurt» 
in the eastern Himalayas, China and Japan, extending into the 
mountains of South East Asia, with one specie> also occur in 
the arctic region. About 110 soecies are found wild in India, 
of which only four occurs in the A'estern Himalayas . 
The young leaves are poisonous. They are also medicinal 
and applied to the forehead for headacne » 
A survey of tne literature showed that no work seems to 
have been done on this plant and therefore the present chemical 
investigation had bieen under taken. The present discussion is 
devoted to the isolation and characterization of a fiavone gly-
coside, 5,2*-dihydroxy-7-methoxy-4'-0-glucoside (i) together 
with dimethyl ester of terephthalic acid (ii) from the leaves 
extracts of Rhododendron arboreum. 
Leaves of Rhododendron arboreum were procured from Tehri 
Garwal (U.P.) coarsely powdered leaves were exhaustively extract 
with methanol. The methanolic extract was concentrated under 
diminished pressure to a dark viscous mass which was then digested 
successively with petroleum ether, benzene and chloroform. 
24 : 
The brown r e s i d u e was subjectt 'sj .0 cc).uirin cnromatography over 
s i l i c a gel G. The e t h y l acetati? ej.ur,e afforded a mixture of 
two major compounds which were s e p a r a t e d by preparat ive TLC 
( S i l i c a g e l ) and l a b e l l e d as RA-I and RA-II. 
RA-I : 
The glycosidic nature of the product (RA-l) was evidenced 
by the +ve Molisch test obtained after hydrolysis and by the 
I 
formation of an osazone derivative. The glycosidic nature was 
further supported by the H-NMH spectrum of the acetate of 
(RA-I) (Table-I) as it showed two aromatic acetoxyls at d 2.30 
(3H) and 2.46 (3H) and 4 alcoholic acetoxyls at d 2.0 (9H, s, 
3-OAc), d 2.10 (3H, s, OAc) indicating it to be a glucoside. 
The glycoside gave pink color with Zn/HCl and red color in 
treatment with sod. amalgam followed by acidification indicates 
its flavone or flavanone nature. It gives an yellow colour with 
52 Wilson boric acid reagent and maxima 254 and 370 nm in the LV 
spectrum indicated it to be a flavone glycoside. It give a 
brownish green colour with FeCl3 indicating the presence of 
hydroxyl group at C-5. The IR spectrum showed strong bands at 
3400 cm'-'-(OH) and 1700 cm""'- (C=0). A bathochromic shift of 
17 nm with AlCl-j further confirmed the presence of a free 5-OH 
group. No shift with fused NaOAc ruled out the possibility of a 
free hydroxyl group at 7-position. 
The NMR spectrum of RA~I acetate (RA-IA) (Fig, 1} m.p. 135^ 
: 25 : 
showed a sharp singlet at d 6.70 indicating the presence of a 
C-3 proton of Y-pyrone nucleus-. The presence of one methoxyl 
group is indicated through a singlet at d 3.99. The signals at 
d 6.50and d 6.60integrated for C-6 and C-8 protons of A ring . 
The aromatic region also containing multiplets of three other 
protons. Since the multiplet, doublet at d 7.l5accounts for 6' 
protons and doublet at d 7.05 for 5' and d 6.80 for 3' protons 
are assigned to protons of B ring respectively, 
Table-I 
Assignement No. of protons Signals 
H-3 1 6.70 (s) 
H-8 1 6.65 (s) 
H-6 1 6.50 (s) 
H-3' 1 6.80 (d) 
H-6' 1 7.15 (d) 
H-5' 1 7.05 (d) 
4 Aliphatic OAc of glucose moiety 12 2.0, 2.10 (s) 
2 Aromatic OAc 6 2.30, 2.46 (s) 
Aromatic OCH3 3 3.99 (s) 
s = singlet; d = doublet, spectrum run in CDCI3, TMS as internal 
standard (d-scale). 
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R.A. I on hydrolysis with 10% HCl gave aglycone, m.p. ^ 10 
0CH3 
The sugar was identifieo IJ glucose-by R^-values, Co-chro-
matography with an authentic saivvle and by the formation of 
osazone. 
The elementary analysis of the aglycone and its derivatives 
and the molecular weight of its trimethyl ether agree with mole-
cular formula C^-H.^O^* It contains one methoxyl and three 
hydroxyl groups, and the colour reaction indicate that it is a 
flavone containing a OH group in the 5 position. Two OH groups 
are not present in ortho or para position since it give -ve 
Gossepetone test, the position para to one OH group is unoccupied 
since a greenish blue colour is produced in Gibb*s test with 
dichloroquinone chlorolmide. 
The aglycone yieldedatetramethyl ether which was identical 
with synthetic 5,7,2*,4«-tetramethoxy flavone. The U.V. absorp-
tion spectrum of aglycone is very similar to that of 5,7,2',4*-
: 27 : 
/cone 
53 
OH 
tetraraethoxy flavone (U.V. spectrum). Demethylation of agly 
by hydroiodic acid gave 5,7,2',4'-tetrahydroxy flavone 
The agiycone thus contains one OMe group at C-7 and 
group at 5, 2' and'4' positions,and thus corresponds in all res-
54 pects to artocarpetin having structure 5,2*,4'-trihydroxy-7-
methoxy flavone. 
On the basis of the above colour reactions and examination 
of the products of hydrolysis, the glycoside was identified 
5,2'-dihydroxy-7-0Me-4«-0-glucoside. 
The position of the sugar residue in the glycoside was 
confirmed by hydrolysis of the methylated glycoside. The 
partial methyl ether thus obtained was characterized as 4-OH, 
2',5,7-trimethoxy flavone. 
CH3O 
The quantitative estimation of sugar by Somogyis copper 
micro method showed the presence of one mo,le of glucose per 
mole of agiycone. 
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RA-I I s t h e r e f o r e ' S l p r a c t e r ^ J s as 5 ,2 ' -d ihydroxy-7-OMe 
4 t_o - . g iucos ide . To th;e w s t of ^ H k n o w l e d g e t h i s c o n s t i t u t e 
t h e f i r s t r e p o r t of t h e occur renc iTof t h i s f lavone g l u c o s i d e in 
- 1^ 
Rhododendron s p e c i e s . 
M=2 : 
RA-2 was found t o bV d imethyl e s t e r of p h t h a l i c a c i d by 
i t s molecular weight CJ^QISJ^QO^. M?iss and H-NMR and ••• C-NMR 
s t u d i e s , m.p . 141"-146®C.* The H-NMR spectrum shows s h a r p s i n g l e t 
a t d 3.97 i n t e g r a t e d f o r , t w o methyl e s t e r s , A sha rp s i n g l e t a t 
0 8 .13 i n t e g r a t e d f o r foAir protopre H-1 , H-3 , H-4 and H-6 of 
p h t h a l i c a c i d . 
13 
C-NMR spectrum shows fouj paaKs a t 129 .447, 133.824> 
:S 
166.175 and 52.312 accoun t ing l o r C , , C2 of p h t h a l i c ac id and 
two carbons of COOMe group a t 166.175 fo r 3C and 52.314 fo r C-4. 
Rest peaks a t 77-76 count's f o r C H ^ - * 
Mass spectrum i s q u i £ t t y p i c a l f o r aromatic methyl e s t e r s . 
The peaks a r e as f o l l o w s : " 
M-OCH3 = 163 (Base peak) , M-C^^ = 179, M-2XCH3 = 164, 
M-COOCH3 = 135, M-2xCOOai3 = 7 6 . 
Hence RA-2 nas been confirmed as d imethyl e s t e r of t e r p h t h a -
l i c a c i d . • 
COOMe 
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Extraction of the leaves of Flnocioaendron arboreum Sm. (Ericaceae) 
Fresh leaves of Rhododendron arboreum Sm (Ericaceae) (7 kg) 
procured from the Tehri Garwal (Western U.P.) were exhaustively 
extracted (5 times, 3 litres each) by refluxing with methanol. 
The combined methanol extracts were distilled under reduced press-
ure. The dark viscous mass obtained, was successively refluxed 
with petrol (60-80*^ ) and benzene until the solvent in each case 
was almost colourless. A brown semi-solid mass was left behind. 
Purification of the semi-solid mass bv column chromatography 
A well stirred suspension of silica gel (150 gm) in dry 
petrol (60-80°) was poured into column (150 cm.long and 50 mm 
in diameter). When the adsorbent was well settled, the excess 
petrol was allowed to pass through the column. The semi-solid 
mass (15 gm), adsorbed on silica gel (15 gms) was added to the 
column. The column was successively eluted with petrol, benzene 
and ethyl acetate. Elution with ethyl acetate afforded a brown 
solid. 
Separation of the flavonoid mixture by preparative thin layer 
chromatography (PTLC) 
Using a thin layer spreader (Desaga, Heidelberg), glass 
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plates (40 x 20cm) were coated w?th a well stirred suspension 
of silica gel (50 gms in 95 ml oi water) to give a layer of 
approximately 0.5 mm in thickness. After drying at room tempe-
rature, the plates were activated at 110-20° for 2 hours. 
The brown mass (2,3 gms) was dissolved in methanol and 
applied on plates with the help of a mechanical applicator 
(Desaga, Heidelberg), 2 cm from the lower edge of the plates. 
The plates mounted on a stainless steel frame were placed in a 
Desaga glass chamber (45x22x22cm) containing 500 ml of developing 
solvent (ethyl acetate - ethyl methyl ketone - acetic acid -
water, 20:3:1:1, v/v/v/v). When the solvent front had travelled 
15 cm from the starting line, the plates were taken out and dried 
at room temperature. The position of the bands were marked in UV 
light and labelled as RA-I and RA-II. The marked pigment zones 
were scraped with the help of a nickel spatulla and eluted 
separately in soxhlets with methanol. The eluate in each case 
was distilled off. Homogeneity of the pigmentswere again 
checked by TLC using the solvent system (ethyl acetate - ethyl 
methyl ketone - acetic acid - water, 20:3:1:1, v/v/v/v). 
RA-I 
It Was crystallized from chloroform and methanol 
m.p. >220°. 
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UV data : 
^ max. nm 
+MeOH 
+NaOMe 
+AICI3 
+AICI3/HCI 
+NaOAc 
+NaOAc/H3B03 
254sh, 264, 370 
238, 314, 418 (dec.) 
268, 299sh, 352, 421 
267, 298sh, 349, 419 
272, 315sh, 399 
259sh, 267, 301sh, 374 
Acetvlation of RA-I 
The crystalline glycoside (30 mg) W0i heated with acetic 
anhydride (2 ml) and dry pyridine (l ml) at 100° for 3 hours. 
The reaction mixture was cooled at room temperature and poured 
over crushed ice. The separated solid was filtered, washed well 
A'ith distilled water and dried. On crystallization from chloroform 
and methanol gave cream needless, m.p. 135 • 
^H-NMR I Values on d-scale (CDCI3) 
7.15 (IH, d, H-6'), 7.05 (IH, d, H~5«), 6.80 (IH, d, H-.3'), 
6.70 (IH, s, H-3)^ 6.65 (IH, s, H-8), 6.50 (IH, s, H-6), 2.0, 
2.10 (12H, s. Aliphatic OAc), 2.30, 2.46 (6H, s. Aromatic OAc), 
3.49 (3H, s. Aromatic OCH3). 
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Mass : m/z 
M"*"* absent, 384 [M'''*-dcetylated glucoside + H"*"], 342 [M**-
acetylated glucoside - Ac* + 2H'*"], 3CX) [M*^* - acetylated 
glucoside - 2xAc' + ^H^], 286 [M"*"* - acetylated glucoside -
2xAc'- CH3 + 4H"^], 258 [286-CO ], 153 [A^ + H"^]*', 137 [Bg]"^, 
109. 
Hydrolysis of RA-I, 
Hydrochloric acid (305IS, 10 ml) was added to the glycoside 
RA-I (0.5 g) and heated on water bath for 2 hrs. The progress of 
the reacton was monitored by TLC. After completion of the hydro-
lysis, it was extracted with ethyl acetate. The aqueous hydro-
lysate was neutralized with Ag2C02 ppt, filtered off and the 
solvent was evaporated in vacuo giving a residue. 
Identification of Aalvcone 
The aglycone in EtOAc fraction was crystallized from CHCI3-
lAeOH as yellow needles, m.p. 310® and identified as (artocaxpetin 
^16^12^6 *^ ^ authentic sample , 
Found : c, 63.7; H, 3.8; OMe 10.0 
Requires : C, 64.0; H, 4.0; OMe 10.3JIJ 
Methylation of Aalvcone 
Artocarpetin (25 mg), Dimethyl sulphate (0.5 ml) dry 
acetone (20 ml) potassium carbonate (0.3 g) were refluxed for 
: 32 : 
Mass : m/z 
M"'"* absent, 3p4 [M"*" *-acetyl at ed glucoside + H"*"], 342 [M"*"*-
acetylated glucoside - Ac* + 2H'^], 3CX) [M"*"* - acetylated 
glucoside - 2xAc* + SH"*"], 286 [M"*"* - acetylated glucoside -
2xAc*- CH3 + Ati'*'}, 258 [286-CO ], 153 U^ + H"*"]"*"', 137 [82]"*", 
109. 
Hydrolysis of RA-I 
Hydrochloric acid (3051^ , 10 ml) was added to the glycoside 
RA-I (0.5 g) and heated on water bath for 2 hrs. The progress of 
the reacton was monitored by TLC. After completion of the hydro-
lysis, it was extracted with ethyl acetate. The aqueous hydro-
lysate was neutralized with Ag2C02 ppt, filtered off and the 
solvent was evaporated in vacuo giving a residue. 
Identification of Aalvcone 
The aglycone in EtOAc fraction was crystallized from CHCl-,-
1 -^ 
MeW as yellow needles, m.p. 310° and identified as (artocafpetin 
\ 55 
Cj^-H.-O^^ by authentic sample 
Found : C, 63.7; H, 3.8; OMe 10.0 
Requires r 0, 64.0; H, 4.0; OMe 10.3% 
Methvlation of Aalvcone 
Artocarpetin (25 mg), Dimcthyi sulphate (0.5 ml) dry 
acetone (20 ml) potassium caiccncite (0.3 g) were refluxed for 
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24 hrs. The reaction mixture was filtered and the residue 
washed several times with hot acetone. On distilling of the 
solvent, a brown viscous semi-solid was left behind. It was 
washed with hot petroleum ether to remove the excess of dimethyl 
sulphate. The solid residue on crystallized from benzene and 
hexane gave colourless needles (15 mg), m.p. 176 . 
Anal. Calcd. for C^^H^^gO^ 
Found : C, 66.8? H, 5.1, OMe 36.3 
Requires : C, 66.7; H, 5.4; OMe 36.2JIS. 
Demethvlation of Aalvcone 
A solution of aglycone (0.2 gm) in glacial acetic acid 
(4 ml) and hydriodic acid (d 1,7, 4 ml) was refluxed for 4 hrs. 
After cooling, the mixture was poured into a saturated solution 
of sodiumbisulphite. The product was crystallized from dilute 
acetic acid as brownish yellow needles (0.08 g), m.p. >300° 
(decomp.). After running a methanolic solution through a short 
column of florex and crystallization of the substance recovered 
from the percolate, the m.p. was 330° (decomp.) undepressed by 
mixing with 5,7,2* ,4'-tetrahydroxyf lavon^^, C,P^H,QO . 
Found : c, 63.3; H, 4.0; 
Requires • C, 63.0; H, 3,b%, 
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A c e t v l a t i o n of Aalvcone 
The a c e t y l d e r i v a t i v e p repared as u sua l by means of a c e t i c 
anhydr ide and p y r i d i n e , s e p a r a t e d a s a brown o i l which slowly 
s o l i d i f i e d , and c r y s t a l l i z e d from benzene-hexane i n c o l o u r l e s s 
n e e d l e s , m.p . 119° , C22HJ^QO^. 
Found : C, 6 2 . 4 ; H, 4 . 2 j Ac 30 .4 
R e q u i r e s : C, 6 2 . 0 ; H, 4 . 3 ; Ac 30.3JIS. 
•'•H-NMR : Values i n d - s c a l e (CDCI3) 
6.45 (IH, d, H-S) , 6 .35 (IH, s , H-3 ) , 6 .15 (IH, d, H-6) , 
d 7 . 3 5 - 7 . 5 5 (3H, m, H - 3 ' , 5 ' , 6 ' ) , 2 . 6 5 - 2 . 7 5 ( 9H, m, O A c - 2 ' , 4 * , 5 ) . 
Identification of Sugar 
The neutral hydrolysate was concentrated and chromatographed 
on Whatman No. 1 filter paper using the solvent system n-butanol-
acetic acid : water (4:1:5, v/v/v) and eth^l acetate : pyridine : 
water (2:1:2, v/v/v), employing the descending technique, Authe-
'f 
ntic sugars were used as checks. The chrowatograms were run for 
24 hrs and after drying at room temperature were sprayed with 
aniline phthalate and p-anisidine phosphate solutions. The 
chromatogram on drying at 100° in an over for 10 min during which 
time the sugar spots turned brown. The sugar was compared with 
authentic sample of glucose and fructose. 
: 35 : 
D-Glucose is also confirmed by co-chromatography, D-Glucose is 
also confirmed by osazone formation. When warmed with phenyl-
hydrazine, glucose first forms phenylhydrazone by condensation 
with CHO groups. The reaction was not stop at this stage. The 
adjacent CHOH group was then oxidized by second molecule of 
phenyl hydrazine which it self reduced to aniline and ammonia. 
The resulting carbonyl group reacted with a third molecule of the 
reagent to yield the final product glucosazone, m.p. (208 ), 
Quantitative Analysis of the Sugars 
The sugar identified as glucose, the following procedure 
gave the aglycone/glycoside ratio. 
The anhydrous glycoside ('oOO mg) was hydrolysed by refluxing 
for two hrs. with 2% H2S0^. A.f t e? cooling overnight the aglycone 
was filtered washed dried and weiyned (250 mg). This ratio of 
the aglycone to the glycoside in oOJIi and this ratio indicates 
the presence of one mole of tho i^ ugar per mole of aglycone, 
RA-2 
After elution with methanol it was crystallized with 
chloroform - methandl. The melting point is about 125°. 
Acetvlation of RA-2 
A mixture of RA-2 (35 mg) pyridine (1 ml) and acetic anhy-
dried (2 ml) was heated on a water bath for 2 hrs. The reaction 
: 36 : 
mixture was poured into crushed ice. The solid was washed 
with distilled water and dried. It was crystallized from 
chloroform and methanol and gave colourless needless of 
terphthalic acid, m.p, about 95°. 
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